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Abstract 
This study investigated the effects of task instructions in voice motor learning. It investigated 
whether providing learners with specific and detailed instructions on how to reduce extrinsic 
laryngeal muscle tension in phonation would facilitate or degrade learning and generalization. 
Twenty-six Cantonese speakers with normal voices were randomly assigned into two groups. 
Participants in group one received specific and detailed instructions on how to produce a 
relaxed voicing using chant-talk technique (henceforth, explicit learning group). Participants 
in group two were not introduced any vocal facilitating techniques (henceforth, discovery 
learning group). Results revealed that there was no significant difference in learning and 
generalization between the explicit and the discovery learning groups. However, interesting 
findings were found in the learning patterns between the two groups. Therefore, further 
investigation with better methodological design (increasing the number of practice trials 
during acquisition and including dysphonic patients in the study) is recommended in order to 
examine the effects of task instructions on voice training more clearly.  
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Introduction  
In learning a motor task, it is generally accepted that instructions are necessary for 
beginners to learn how to perform the task. It is from the theoretical perspective that 
providing biomechanical information about a motor skill prior to learning helps learners 
establish a reference for correctness (Swinnen, 1996). Therefore, learners will be able to 
detect their errors and evaluate their own performance. However, the effectiveness of 
providing instructions has been questioned recently by the implicit learning literature (Hardy, 
Mullen, & Jones, 1996; Hodges & Lee, 1999; Masters, 1992; Wulf & Weigelt, 1997). 
Evidence from these studies suggests that providing learners with instructions on how to 
perform a task may not be always effective. In fact, the provision of task instructions can 
degrade learning when compared to other participants who are not informed about the 
existence of strategies to learn the skill.  
Several authors have suggested that the manipulation of instructions can result in 
different modes of learning (Berry, 1993; Berry & Broadbent, 1988; Berry & Dienes, 1993; 
Hodges & Lee, 1999; Jacoby, Ste-Marie, & Toth, 1993). When specific and detailed 
instructions on how to perform the task are given, learners would be directed to use the 
strategies instructed to acquire the skill in the task. They may therefore limit their exploration 
of different possible strategies to achieve the task. They can also set and evaluate hypotheses 
on the strategies used in order to achieve the task. This learning mode has been referred as 
explicit learning (Berry, 1993; Berry & Broadbent, 1988). On the other hand, when specific 
instructions on how to perform are withheld and only minimal task instructions are given, 
learners may explore different strategies to acquire the skill in the task.  They may discover 
several possible strategies and use the optimal one(s) to achieve the task. This learning mode 
has been referred as discovery learning (Hodges & Lee, 1999; Vereijken & Whiting, 1990). 
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The literature has documented several studies investigating the effects of the 
provision of specific task instructions on gross motor learning (Hodges & Lee, 1999; Wulf & 
Weigelt, 1997). In these studies, performances of learners with and without the provision of 
specific instructions on how to perform were compared. Wulf and Weigelt (1997) 
investigated how learners learnt skiing-like movements on a ski simulator. Participants stood 
on a platform that could be moved from side to side. Their goal in the task was to make the 
largest and fastest sideway movements. One group of learners was provided with specific and 
detailed instructions on how to perform the task efficiently (explicit learning condition). 
Another group was simply asked to perform the task. They were not given any specific 
instructions. Therefore, this group of participants performed under discovery learning 
condition. Results revealed that participants under the discovery learning mode performed 
better throughout the training period when compared to participants under explicit learning 
condition. In addition, they achieved better performance in the transfer test in which learners 
were required to perform the task under a stressful situation. The learners were told that their 
performance would be evaluated by a skiing expert in the stressful condition. Results from 
this study suggested that providing learners with specific instructions on how to perform the 
task tended to degrade learning, especially under stressful condition, when compared to not 
providing these instructions.  
Similar findings have been reported by Hodges and Lee (1999). In their study, 
participants learnt a dual limb coordination task. Their goal was to coordinate their hands 90 
degrees out of phase so as to make a circle pattern which was displayed on a computer screen. 
Similar to the study by Wulf and Weigelt (1997), one group of participants was provided with 
specific and detailed instructions on how to perform the coordination task efficiently (explicit 
learning condition). Another group was just asked to perform the task without provision of 
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specific instructions (discovery learning condition). Results showed that learners under 
discovery learning condition demonstrated better performance in the training period and the 
retention test. The discovery learning group was able to maintain the performance during 
training in the retention test and hence better learning. However, similar performance 
between groups was seen in the transfer test in which learners were required to perform a 
novel pattern which was to coordinate the hands 45 degrees out of phase. On the whole, 
findings from this study suggested that providing learners with instructions on how to 
perform a complex motor task might degrade learning and discovery learning might facilitate 
learning of the tasks.  
Given the above findings, it would be of interest to investigate whether instructional 
manipulation also affects voice motor learning. Therefore the aim of the present study was to 
determine if providing specific and detailed instructions on how to reduce extrinsic laryngeal 
muscle tension in phonation facilitated or degraded learning and generalization, as measured 
by the retention and transfer tests respectively. It was hypothesized that providing learners 
with specific and detailed instructions on how to reduce extrinsic laryngeal muscle tension 
(or, explicit learning) would degrade learning and generalization when compared to not 
providing the instructions (or, discovery learning). Findings would have important clinical 
implications for instructional settings for voice training. This study would provide some 
empirical data for clinicians to decide whether or not the provision of task instructions is 
necessary. This would allow clinicians to choose a more effective way of instructing learners 
to facilitate their learning and generalization in voice training.  
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Method 
Participants 
Twenty six undergraduate students (14 females and 12 males; mean age = 20.46 years, SD = 
1.45, range: 18-24 years) who were studying at the University of Hong Kong were recruited. 
All the participants were neurologically normal and medically healthy. They had no history 
and present speech, language, or voice disorders. They also had no hearing problems as 
hearing screening results at 20dB HL for 250, 500, 1000, 2000, and 4000Hz indicated. In 
addition, they had no prior experience of voice training using surface electromyography 
(EMG).  
Equipment 
The surface EMG system from ADInstrument (PowerLab Unit, model ML 780 with an eight-
channel and Dual Bio Amp Model ML 135) and gold-painted electrodes (10mm in diameter) 
with electrolyte gel were used. The SCOPE software program (ADInstrument PowerLab) was 
used to display and analyze EMG signals captured (Figure 1). A sound level meter (Quest 
Technologies, Model 210) was also used to monitor participants‟ voice intensity levels 
throughout the training sessions. It was to ensure that the participants maintain a similar 
range of intensity level of phonation during the phonation task (Cheung, 2004).  
 
 
Figure 1 EMG display as biofeedback for the subjects (adapted from Cheung, 2004) 
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Stimuli 
Training list. A list of 24 Cantonese characters which covered all the sounds (19 
consonants, 8 vowels, 10 diphthongs) and 6 lexical tones in Cantonese were used as training 
stimuli in the baseline, training, and retention testing. These characters were selected from the 
750 most frequently occurring Chinese characters in Hong Kong (Ho, 1993). The words and 
their frequencies of occurrence of the training list were shown in appendix 1a.  
Novel list. Another list of 24 Cantonese characters which also covered all the 
Cantonese consonants, vowels, diphthongs, and lexical tones were used as novel stimuli to 
evaluate transfer of the skill. They were selected from the 1300 most frequently occurring 
Chinese characters in Hong Kong (Ho, 1993). The words and their frequencies of occurrence 
of the novel list were shown in appendix 1b.  
Each character in both the training and novel lists was embedded in a Cantonese carrier 
phrase /ji55 kɔ33 hɐi22 ____/ (meaning “this one is…”) to form a sentence. The 24 sentences in 
each list then formed a block of stimuli. There were four blocks of stimuli in the baseline 
phase; five blocks in the training phase, two blocks in the retention phases; and two blocks in 
the transfer phases. The presentation of the 24 sentences was the same in the baseline, 
retention, and transfer tests. But the presentation of the sentences was randomized in the 
training phase. The detailed procedures of different phases were presented below.  
Procedures  
The experiment was carried out in a sound-treated booth. Participants took part individually 
in the experiment. Cleansing gel was used to clean the skin surfaces over the orofacial and 
thyrohyoid sites. Electrodes, with electrolyte gel to reduce impedance at the sites of contact, 
were then positioned. One pair of electrodes was placed on the orofacial site, which was 1 cm 
away from either side of the lip corners. Another pair of electrodes was placed on the 
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thyrohyoid site, which was 0.5 cm away from the midline of the thyrohyoid membrane. A 
dry-earth strap was then attached firmly around the participants‟ wrist. Figure 2 shows the 
electrode placement at the orofacial and thyrohyoid sites. 
 
 
Figure 2 Sites of surface electrode placement (adapted from Yiu, Verdolini, & Chow, 2005) 
 
Participants were seated up-straight approximately one meter away from two computer 
monitors. One computer screen displayed the sentence stimuli using Microsoft PowerPoint 
for the participants to read. Another screen displayed the surface EMG signals obtained from 
the targeted thyrohyoid site as feedback. EMG signals obtained from the orofacial site were 
also recorded but they were not displayed. They were used as control data for analyzing 
purposes later.  
In the experiment, each participant took part in two recording sessions which were of one 
week apart. They received a total of 17 blocks of spoken reading trials as presented in Table 1. 
In each block, participants were asked to read aloud 24 Cantonese sentences.  
Baseline phase. The experimental trials began with baseline measurement which 
consisted of four stimulus blocks. Two blocks consisted of stimuli in the training list and the 
other two blocks consisted of stimuli in the novel list. Participants were instructed to read the 
Orofacial site  
Thyrohyoid site  
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sentences aloud using their most comfortable pitch and loudness. No EMG feedback was 
given in the baseline phase. The purpose of baseline measurement was to measure the EMG 
signals for the orofacial and thyrohyoid sites in the participants‟ spontaneous voice 
production.  
 
Table 1 Experimental design of the present study 
Session One 
Baseline Training  
5-min 
break 
Immediate testing 
Retention Novel list transfer 
T1 T2  N1 N2 T1 T2 T3 T4 T5 T1      T2 N1     N2 
 
Session Two -  Delayed testing 
(one week after session one) 
Retention Novel list transfer 
T1         T2 N1         N2 
(Note: T denotes the training list and N denotes the novel list. Each letter indicates one 
complete set of the 24 sentences in each list) 
 
Training phase. Subsequent to the baseline phase, participants were randomly 
assigned into two groups for five blocks of training. One group received specific and detailed 
instructions on how to produce a relaxed voicing using chant-talk technique (henceforth, the 
explicit learning group). Chant-talk is a vocal facilitating technique that encourages easy flow 
of phonation and hence reduces the tendency toward increased force of vocal fold 
approximation (Boone, McFarlane, & Von Berg, 2005; Colton & Casper, 1996; Verdolini, 
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1999). A reduction in laryngeal and vocal tract tensions will then be resulted. Another group 
just received minimal instructions on producing a relaxed voicing (henceforth, the discovery 
learning group). Participants in the discovery learning group were not introduced any vocal 
facilitating techniques. Instructions given to each group were shown in Appendix 4.  
All participants were firstly given a brief explanation on the interpretation of the 
EMG waveform display corresponding to the muscle activity in the thyrohyoid site. They 
were informed that larger waveform amplitudes indicated greater muscle activity and thus 
greater muscle tension at the thyrohyoid site. They were then asked to read aloud the 
sentences presented, with an attempt to minimize the EMG signal amplitudes. During the 
training, participants in the explicit learning group were reminded to use chant-talk as a vocal 
facilitating technique to produce relaxed voicing in the 1
st
, 8
th
, and 16
th
 sentence of each 
training block. Participants in the discovery learning group were simply reminded to 
minimize the EMG signal amplitudes. For both groups, terminal feedback from the EMG 
system, giving a static EMG display after reading aloud every two sentences, was provided 
(Cheung, 2004).  
Immediate retention and transfer tests. Five minutes after the training phase, 
participants received two stimulus blocks of the training list for an immediate retention test. It 
was to assess short-term learning demonstrated by the participants. After the immediate 
retention test, participants received two stimulus blocks for a novel list transfer test. 
Participants were required to read aloud sentences in the novel list. It was to evaluate short-
term generalization of the learnt skill to a set of novel stimuli. In both immediate retention 
and transfer tests, participants were asked to read aloud sentences with their best voice and 
minimal laryngeal muscle tension. No EMG feedback was provided in the tests.  
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Delayed retention and transfer tests. One week after the first session, participants 
returned for the delayed retention and transfer tests. The tests were exactly the same as the 
immediate retention and transfer tests. They were to evaluate long-term stability and 
generalization of the learnt skill. 
 
Signal processing 
Surface EMG signals collected from the orofacial and thyrohyoid sites were band-pass 
filtered at 10-500Hz, based on the procedure of signal processing used by Yiu et al. (2005). 
The EMG amplitude of the whole sentence (from the onset of the first word to the offset of 
the last word) was extracted using the SCOPE program. Signal amplitudes were then 
obtained in terms of root mean square (RMS) voltage in microvolts. For each block of stimuli, 
the mean EMG amplitude was calculated by averaging the EMG amplitudes of the twenty 
four sentences.   
 
Inter- and intra-rater reliability for data extraction 
Because data extraction of EMG involved visual judgment, inter- and intra-rater reliability of 
the data extraction procedure had to be established. Twenty-five percent of the total number 
of sentences (i.e., 5304 out of 21216 sentences) obtained from the participants in the 
experiment was analyzed by the investigator on a second occasion, one month after the first 
data analysis. This was to evaluate intra-rater reliability. The same set of sentences was also 
analyzed by another examiner to evaluate inter-rater reliability. For each EMG signal, if the 
difference between two signals was less than the criterion values set (0.5V), they were 
considered to be in agreement.  
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Results 
Reliability  
The results are shown in Table 2.   
 
Table 2 Results of inter- and intra-rater reliability on data extraction based on the criterion level of 
0.5V 
 Difference = 0.5 V 
Inter-rater reliability 48.00% (2546/5304) 
Intra-rater reliability 69.89% (3707/5304) 
 
Learning and generalization 
The study employed three-way within- and between-subject analysis of variance 
(ANOVA) design. The root-mean-square of the EMG voltage was the dependent variable. 
Within-subject independent variables were time (17 blocks across baseline, training, and 
retention and transfer testing phases) and electrode site (thyrohyoid versus orofacial site). 
Between-subject variable was instruction type (detailed instructions versus minimal 
instructions). Multivariate Pillai‟s Trace ANOVA, which is considered to be a robust test 
against the violation of sphericity, was used to determine any main effects and interaction 
effects (Cardinal & Aitken, 2006; Coakes & Steed, 2001). An overall level of significance 
(p=0.05) was set for the analysis. 
 
Effects of learning 
A 2(group) x 2(site) x 11(block) ANOVA with repeated measures on the factors of site 
and block was carried out to examine the effects of learning. 
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Time effect. Table 3 shows the pooled data across thyrohyoid and orofacial sites for the 
two learning groups over time. The Pillai‟s Trace ANOVA revealed a significant main effect 
of time (F(10, 15)=5.40, p=0.002). The significant difference was contributed by the 
performance difference between the first block in the baseline measurement (B1) and the first 
(T1), third (T3), fourth (T4), and fifth (T5) training blocks; between the second block in the 
baseline measurement (B2) and the first (T1) and fourth (T4) training block; between the fifth 
training (T5) block and the first block in the immediate retention test (IR1); between the 
fourth (T4) and fifth training (T5) blocks and the first block in the delayed retention test 
(DR1). Therefore, the reduction of EMG amplitudes was shown to be significant across the 
baseline and training phase, and across the training phase and retention phase. As learning 
was determined by the performance difference between the baseline performance and 
retention performance, learning was not shown in the experiment.  
Group effect. There was no significant main effect of instruction type (detailed 
instructions versus minimal instructions) (F(1, 24) =0.185, p>0.05). Thus, there was no 
indication of better performance for one instruction type over another. 
Site effect. A significant main effect for electrode site (thyrohyoid versus orofacial) was 
observed (F(1, 24)=15.24, p=0.001). The thyrohyoid site demonstrated significantly lower 
EMG amplitudes than the orofacial site. 
Time by group interaction. The time by group interaction was significant (F(10, 15)=4.94, 
p=0.003). Figure 3 indicates evidence of different learning patterns across time for the 
explicit and the discovery learning groups.  
Other interactions. None of the other interactions reached a significance of 0.05 level 
(site by group interaction, F(1, 24)=1.03, p>0.05; time by site interaction, F(10, 15)=0.57, p>0.05; 
time by site by group interaction, F(10, 15)=0.60, p>0.05).  
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Table 3 Means (and standard deviations) in microvolts of muscle activity at the thyrohyoid 
and orofacial sites across 11 blocks in four time phases 
Note: „TH site‟ denotes the thyrohyoid site and „OF site‟ denotes the orofacial site. 
 
 
 
 
 Baseline  Training  Immediate 
retention 
 Delayed 
retention 
 B1 B2  T1 T2 T3 T4 T5  IR1 IR2  DR1 DR2 
Explicit learning group             
Pooled 
data 
19.72 19.42  15.99 16.41 15.40 15.08 15.33  17.73 17.11  20.39 19.60 
TH site 17.83 17.51  14.51 14.49 13.53 13.06 12.93  15.48 14.65  17.37 16.65 
 (7.30) (7.42)  (5.19) (4.81) (4.32) (5.34) (5.52)  (7.04) (5.09)  (8.54) (7.15) 
OF site 21.62 21.33  17.46 18.34 17.26 17.10 17.73  19.98 19.56  23.42 22.56 
 (5.92) (4.35)  (4.83) (5.84) (6.30) (5.48) (7.32)  (7.22) (6.91)  (5.79) (6.38) 
Discovery learning group           
Pooled 
data 
19.11 17.96  17.28 16.81 16.63 16.42 15.85  16.91 16.93  16.70 15.49 
TH site 15.29 14.27  13.41 12.93 12.93 12.81 12.13  12.62 13.01  13.27 12.24 
 (5.89) (4.87)  (4.54) (4.36) (4.62) (4.11) (3.62)  (3.88) (4.05)  (3.29) (3.39) 
OF site 22.93 21.65  21.15 20.68 20.33 20.03 19.58  21.20 20.86  20.12 18.74 
 (4.30) (4.64)  (5.85) (5.60) (6.76) (6.24) (6.53)  (8.77) (7.99)  (4.65) (5.20) 
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B – Baseline   T – Training   IR – Immediate retention   DR – Delayed retention 
Figure 3 Mean EMG amplitudes of training list across 11 blocks in four time phases 
 
Effects of generalization to novel stimuli 
A 2(group) x 2(site) x 6(block) ANOVA with repeated measures on the factors of site 
and block was carried out to examine the effects of generalization to novel stimuli.  
Time effect. Table 4 showed the participants‟ performance across baseline, immediate 
and delayed retention tests for the novel stimuli. The Pillai‟s Trace ANOVA confirmed that 
the main effect of time was not significant (F(5, 20)=2.01, p>0.05).  
Group effect. There was no significant main effect of instruction type (detailed 
instructions versus minimal instructions), F(1, 24)=1.90, p>0.05. There was no indication of 
better generalization for one type of instruction than the other.  
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Site effect. The main effect of electrode site (thyrohyoid versus orofacial) was 
significant, F(1, 24)=18.76, p=0.0001. The thyrohyoid site demonstrated significantly lower 
EMG voltages than the orofacial site.  
Interactions. None of the interactions reached a significance of .05 level (time by group 
interaction, F(5, 20)=0.94, p>0.05; site by group interaction, F(1, 24)=0.56, p>0.05; time by site 
interaction, F(5, 20)=0.47, p>0.05; time by site by group interaction, F(5, 20)=0.46, p>0.05). 
 
Table 4 Means (and standard deviations) in microvolts of muscle activity at the thyrohyoid 
and orofacial sites across 6 blocks in three time phases 
 
Novel list 
Baseline 
 Immediate novel 
list transfer 
 Delayed novel 
list transfer 
 B1 B2  IT1 IT2  DT1 DT2 
Explicit learning group        
Pooled data 19.26 19.72  17.62 17.76  18.99 18.50 
Thyrohyiod site 17.56 18.10  14.88 15.08  15.94 15.52 
 (6.59) (6.30)  (6.44) (6.64)  (7.60) (6.72) 
Orofacial  site 20.95 21.34  20.36 20.44  22.03 21.48 
 (4.49) (5.14)  (6.53) (5.61)  (5.81) (5.68) 
Discovery learning group        
Pooled data 17.80 18.21  16.68 16.21  15.49 15.48 
Thyrohyiod site 14.31 14.60  13.31 12.81  11.86 12.02 
 (5.18) (5.65)  (4.87) (4.15)  (3.40) (3.39) 
Orofacial  site 21.29 21.81  20.05 19.60  19.13 18.94 
 (4.72) (4.97)  (7.00) (7.67)  (6.11) (6.04) 
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B – Baseline   IT – Immediate transfer   DT – Delayed transfer 
Figure 4 Mean EMG amplitudes of novel list across 6 blocks in three time phases 
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Discussion 
The objective of the present study was to determine whether providing learners with 
detailed instructions on how to reduce extrinsic laryngeal muscle tension in phonation would 
facilitate or degrade learning and generalization. It was hypothesized that providing learners 
with specific and detailed instructions on how to reduce extrinsic laryngeal muscle tension in 
phonation (explicit learning) would degrade learning and generalization. However, 
withholding instructions (discovery learning) would promote learning and generalization. 
Results revealed that learning and generalization were independent of whether participants 
did or did not receive specific and detailed instructions on extrinsic laryngeal muscle 
relaxation. Contrary to the hypothesis, participants in the discovery learning group did not 
perform particularly better in learning and generalization than those in the explicit learning 
group. However, the two groups of learners demonstrated different learning and 
generalization patterns across time, which will be discussed in the following paragraphs.  
 
Effects of learning 
The pooled data in Table 3 indicated that learning has not occurred in the present 
study. The performance in the immediate and delayed retention tests were similar and were 
not significantly different from the baseline performance. The EMG amplitudes in the 
immediate and delayed retention tests were not significantly lower than the amplitudes in the 
baseline performance. Despite learning has not occurred in both groups, their learning 
patterns were seen to be different which deserved discussion. As shown in Figure 3, the 
discovery learning group demonstrated a decrease in EMG amplitudes across baseline, 
acquisition (i.e., training), and immediate and delayed retention test phases. However, for the 
explicit learning group, the EMG amplitudes reduced mainly during the acquisition phase and 
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regressed back to baseline performance in the retention phases. The results demonstrated that 
only participants in the discovery learning group were able to maintain the performance 
during training in the retention phases. Participants in the explicit learning group were not 
able to maintain the performance during training in the retention phases, and their 
performance in the retention phases even regressed back to their baseline performance.  
The different learning patterns of the two groups might possibly reflect the learning 
strategies they used to achieve extrinsic laryngeal muscle relaxation in the phonation task. In 
the explicit learning group, learners were directed to the chant-talk technique which was an 
effective vocal facilitating technique to reduce laryngeal muscle tension while speaking. 
Therefore, their EMG amplitudes reduced sharply from the baseline to the acquisition phase. 
On the contrary, the discovery learning group was not directed to any specific technique to 
reduce the laryngeal muscle tension. This might have provided the participants with more 
opportunities to explore different strategies to achieve the task. As they were trying to 
explore strategies that were optimal to reduce laryngeal muscle tension during the acquisition 
phase, their EMG amplitudes were not as low as the amplitudes of the explicit learning group 
who already had an effective strategy to reduce muscle tension. However, as shown in Figure 
3, the EMG amplitudes of the discovery learning group kept on decreasing during the 
acquisition phase. This reflects that the discovery learning group was exploring and 
discovering an optimal way to perform the task successfully during acquisition. According to 
Vereijken and Whiting (1990), learning is likely to be more effective when learners are 
allowed to explore the dynamics of the task in a repeated way than when learners are 
prescribed with a means to achieve the task. Apparently, the participants in the discovery 
learning group had undergone the process of reducing laryngeal muscle tension again and 
again by techniques that they changed and perfected through repetition. 
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Although the discovery learning group did not exhibit EMG amplitudes as low as the 
explicit learning group‟s during acquisition, they demonstrated lower EMG amplitudes in 
both the immediate and delayed retention tests. Given the comparable baseline performance 
between the two groups, better learning was shown in the discovery learning group, though 
the learning was not statistically significant. The discovery learning group was seen to be 
able to maintain the performance in the retention tests as that in the acquisition. However, the 
explicit learning group was not able to do so, especially in the delayed retention test. It is 
because the prescribed means to the task may not be optimal to every learner. Learners 
should explore the task repeatedly and discover their own optimal way in order to achieve the 
task and facilitate learning. In the present study, the discovery learning group was allowed to 
explore strategies and find their own optimal way to reduce laryngeal muscle tension 
repeatedly during acquisition. On the other hand, the explicit learning group just concentrated 
on the chanting technique instructed and repeated the same procedure again and again. They 
might have got stuck in using the instructed strategy without trying to explore the optimal 
way of learning that was the most suitable for them. Therefore, the discovery learning group 
is likely to show more effective learning than the explicit learning group, as indicated by the 
performance in the retention tests (Vereijken & Whiting, 1990). 
 
Effects of generalization to novel stimuli 
The pooled data in Table 4 revealed that generalization to novel stimuli has not 
occurred. Both the explicit and discovery learning groups were not able to generalize the 
trained skills in reading the training list of sentences with reduced laryngeal muscle tension to 
the novel list. It was probably because both groups were not yet fully learnt the skills in 
reading the training list with reduced laryngeal muscle tension and therefore generalization to 
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new stimuli was less likely to occur. Though both groups did not exhibit generalization to 
novel stimuli, their generalization patterns were observed to be different. As seen in Figure 4, 
the EMG amplitudes for the discovery group reduced across baseline, and immediate and 
delayed novel list transfer. However, the EMG amplitudes for the explicit learning group 
were just reduced from baseline to immediate novel list transfer and then regressed almost 
back to baseline performance in the delayed novel list transfer. Providing learners with 
specific and detailed instructions on how to perform the phonation task with reduced 
laryngeal muscle tension is found not to optimize learning and may actually degrade transfer.  
The present findings are in agreement with the study by Hodge and Lee (1999), which 
examined the effects of instructions on motor skill learning. The explicit learning group and 
discovery learning group in the present study are analogous to the general instruction group 
and no instruction group in their study, respectively. The findings on the learning and 
generalization of the skills in the present study are similar to their findings.  Therefore, it 
leads to the conclusion that specific and detailed instructions have directed learners to a 
particular strategy, limiting the exploration of different possible strategies and discovery of 
an optimal way to achieve the task. The provision of specific and detailed instructions prior to 
a task is therefore found not to be optimal for learning and generalization.  
 
Limitations of the present study 
There were certain limitations with the methodological design which warrants further 
investigations. In the study, participants were provided with training in the first session which 
consisted of only five stimulus blocks. When compared to the total number of stimulus 
blocks in the two sessions, the training trials only made up a relatively small proportion of it. 
The small number of practice trials might not be adequate to learn the skill. Therefore, it 
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seems logical that generalization to new stimuli did not occur. In addition, the small number 
of practice trials might hinder the observation of difference between the two groups. As seen 
in the acquisition phase, the discovery learning group demonstrated improving performance 
while the explicit learning group exhibited stable performance. It could be possible to observe 
a group difference if more practice trials were provided for acquisition. Therefore, it is 
recommended to increase the number of practice trials in further investigation so as to 
maximize learning and generalization and to examine group difference.  
Furthermore, as the present study mainly focused on normal subjects, it was uncertain 
whether the findings could be applicable to dysphonic subjects. It is possible that  the effects 
of task instructions on normal subjects and dysphonic subjects may be different. Therefore, it 
is recommended to extent further investigations to dysphonic population.  
 
Conclusion and clinical implications 
To conclude, significant difference in learning and generalization was not seen 
between participants provided with specific and detailed instructions on how to perform the 
task and those without such instructions. However, there appeared to be differences between 
groups in the delayed testings, which were taken one week after training. Hence it is 
speculated that the effect of task instructions may be able to be shown only some time after 
training. In order to investigate the effects of task instructions on the training of laryngeal 
muscle relaxation in phonation more clearly, a better methodological design of voice training 
(e.g. increasing the number of practice trials during the acquisition phase) should be 
employed. In addition, it is suggested to extent the investigation to dysphonic population so 
as to explore the findings to individuals with dysphonia and to apply them to clinical setting.  
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Appendix 1a 
Training list: The reading stimuli in baseline, training and retention testing (adapted from Yiu et 
al., 2005). 
 
Target 
stimuli 
IPA  
symbol 
Order of 
frequency 
based on Ho 
(1993) 
 Target  
stimuli 
IPA  
symbol 
Order of 
frequency 
based on Ho 
(1993) 
1 的 tik55 1  13 情 ts
h
iŋ21 176 
2 不 pɐt55 4  14 每 mui23 196 
3 有 jɐu23 5  15 月 jyt22 216 
4 在 tsɔi22 6  16 教 kau33 231 
5 了 liu23 7  17 老 lou23 239 
6 我 ŋɔ23 9  18 片 p
h
in33 246 
7 為 wɐi21 10  19 給 k
hɐp55 259 
8 這 tsɛ 35 11  20 男 nam21 328 
9 水 sœy35 75  21 父 fu22 332 
10 起 hei35 104  22 卻 k
hœk33 461 
11 解 kai35 117  23 談 t
h
am21 464 
12 果 kwɔ35 171  24 群 kw
hɐn21 716 
 
The selection of target words was based on its order of frequency (Ho, 1993). 
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Appendix 1b 
The occurrence of 19 Cantonese consonants, 8 vowels, 10 diphthongs and 6 tones over 24 word 
stimuli in the training list (adapted from Yiu et al., 2005) 
 
Initial consonants 
 
Occurrence 
p p
h
 m f t t
h
 n l k k
h
 ŋ h kw kw
h
 w ts ts
h
 s j 
1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 2 1 1 2 
Final consonants 
 
Occurrence 
p t k m n ŋ 
1 2 2 2 2 1 
Vowels 
 
Occurrence 
a ɐ  ɛ  i ɔ œ u y 
2 3 1 3 2 1 1 1 
Diphthongs 
 
Occurrence 
ai au ɐ i ɐ u iu ei ɔ i ou œy ui 
1 1 1 1 1 1 1 1 1 1 
Tones 
 
Occurrence 
55 35 33 21 23 22 
3 5 3 5 5 3 
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Appendix 2a 
Novel List: The reading stimuli in transfer testing (adapted from Cheung, 2004) 
 
Target 
stimuli 
IPA  
symbol 
Order of 
frequency 
based on Ho 
(1993) 
 Target  
stimuli 
IPA  
symbol 
Order of 
frequency 
based on Ho 
(1993) 
1 來 lɔi21 19  13 約 jœk33 333 
2 多 tɔ55 49  14 節 tsit33 468 
3 去 hœy33 65  15 排  p
h
ai21 519 
4 前 tshin21 105  16 牛 ŋɐu21 656 
5 求 khɐu21 192  17 雨 jy23 829 
6 幾 kei35 233  18 污 wu55 933 
7 車 tshɛ55 250  19 繪 k
h
ui35 939 
8 光 kwɔŋ55 251  20 困 kw
hɐn33 989 
9 市 si23 265  21 探 t
h
am33 1081 
10 感 kɐm35 294  22 納 nap22 1159 
11 北 pɐk55 317  23 肥 fei21 1180 
12 母 mou23 325  24 療 liu21 1261 
 
The selection of target words was based on its order of frequency (Ho, 1993). 
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Appendix 2b 
The occurrence of 19 Cantonese consonants, 8 vowels, 10 diphthongs and 6 tones over 24 word 
stimuli in the novel list (adapted from Cheung, 2004) 
Initial consonants 
 
Occurrence 
p p
h
 m f t t
h
 n l k k
h
 ŋ h kw kw
h
 w ts ts
h
 s j 
1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 2 1 1 2 
Final consonants 
 
Occurrence 
p t k m n ŋ 
1 1 2 2 2 1 
Vowels 
 
Occurrence 
a ɐ  ɛ  i ɔ œ u y 
3 2 1 3 2 1 1 1 
Diphthongs 
 
Occurrence 
ai au ɐ i ɐ u iu ei ɔ i ou œy ui 
1 1 1 1 1 1 1 1 1 1 
Tones 
 
Occurrence 
55 35 33 21 23 22 
5 3 5 7 3 1 
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Appendix 3 
Differences in the number of occurrence of Cantonese sounds between the training list and the 
novel list (adapted from Cheung, 2004) 
Initial consonants 
 
Occurrence 
p p
h
 m f t t
h
 n l k k
h
 ŋ h kw kw
h
 w ts ts
h
 s j 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Final consonants 
 
Occurrence 
p t k m n ŋ 
0 +1 0 0 0 0 
Vowels  
 
Occurrence 
a ɐ  ɛ  i ɔ œ u y 
-1 +1 0 0 0 0 0 0 
Diphthongs 
 
Occurrence 
ai au ɐ i ɐ u iu ei ɔ i ou œy ui 
0 0 0 0 0 0 0 0 0 0 
Tones 
 
Occurrence 
55 35 33 21 23 22 
+2 -2 +2 +2 -2 -2 
 
Note: The value in the above tables indicates the difference of the occurrence of a particular sound 
between the training list and the novel list, and it was calculated by the following equation: 
Occurrence Training – Occurrence Novel, 
where “Occurrence” refers to the frequency of occurrence for a particular sound            
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Appendix 4 
Instructions for the experiment 
Explicit learning group: Instructions on producing relaxed voicing using chant-talk as a 
facilitating technique 
 “Some sentences will be presented on this computer screen. You have to read them aloud 
one by one. Here is another computer screen. It shows the degree of tension in your neck 
muscle when you speak. A waveform with large amplitude indicates tense neck muscle. You 
goal in the task is to minimize the amplitude when you read aloud the sentences.” 
“Here is a technique for you to follow so that you can relax your throat and neck muscle in 
reading aloud the sentences. It is called chant-talk. Reading aloud the sentences as you are 
chanting. You have to slightly prolong each character and connect it with the next one. All 
the characters should be linked together without pauses in between. There should also be no 
stress on any characters. When you use this technique, the tension of your neck muscle and 
vocal fold will be reduced. This will minimize the chance of effortful phonation. If you 
follow such technique, you will be able to produce relaxed voicing, reducing the chance of 
effortful phonation.”  
「稍後螢幕會顯示一些句子，你只要一句一句讀出來便可。這邊有另一個螢幕，是顯
示你說話時頸部肌肉的收緊程度，線上的波幅愈大，表示你頸部肌肉愈緊。在讀句子
時，你的目標是令線上的波幅減細。」 
「這裏有一種方法可以幫你放鬆喉嚨、放鬆頸部肌肉說話。這個方法叫聖詩說話法。
即讀句子時，你需要好像讀聖詩一樣，將每一個字稍為拉長讀，連接着下一個字。字
與字是互相連結的，中間並沒有停頓，而且沒有一個字是著重說出來的。當你運用這
個方法時，你頸部的肌肉和聲帶會放鬆，從而減低說話時用力發聲的機會。只要你跟
着這方法做，你便能放鬆地說話，減低用力發聲的機會。」 
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Discovery learning group: Instructions on producing relaxed voicing without introducing 
specific technique 
“Some sentences will be presented on this computer screen. You have to read them aloud one 
by one. Here is another computer screen. It shows the degree of tension in your neck muscle 
when you speak. A waveform with large amplitude indicates tense neck muscle. You goal in 
the task is to minimize the amplitude when you read aloud the sentences.” 
「稍後螢幕會顯示一些句子，你只要一句一句讀出來便可。這邊有另一個螢幕，是顯
示你說話時頸部肌肉的收緊程度，線上的波幅愈大，表示你頸部肌肉愈緊。在讀句子
時，你的目標是令線上的波幅減細。」 
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